In earlier studies (1, 2) it was observed that subcutaneous injections of suprarenal cortical extract were accompanied by a retention of sodium and chloride, and an increased renal excretion of potassium in normal human subjects and normal dogs as well as in suprarenalectomized dogs and patients suffering from Addison's disease. A similar effect was observed in normal dogs (3), following the injection of corticosterone and l l-dehydro-corticosterone (crystalline compounds derived from the suprarenal cortex) and desoxy-corticosterone acetate (synthesized by Steiger and Reichstein (4)). All three of these substances have been shown to be effective in maintaining suprarenalectomized dogs. The discovery that a close structural relationship exists between the compounds with cortin-like activity and the sex hormones (5) (particularly progesterone) as well as the observation that estrus, pseudopregnancy and pregnancy prolong the survival of suprarenalectomized animals (6-8) prompted a study of the effect of injections of sex hormones on the renal excretion of electrolytes in normal and suprarenalectomized dogs. In a preliminary report (9) the sodium retaining effect of the sex hormones has been described.
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Methods
Male dogs (approximately 10 kilos) were maintained in metabolism cages and fed a constant diet. The care of the animals, the preparation of the diet and the * This paper was read at the X V I International Physiological Congress, Zurich, 1938. This study was aided by a grant from the Committee on Research in Endocrinology, National Research Council. ** John D. Archbold Fellow in Medicine. 299 technique used in the metabolism studies have been described previously (2, 3) . At the completion of each 24 hour period the animals were catheterized and the total 24 hour urine specimens were collected, preserved with toluene and analyzed.
The substances under investigation were injected subcutaneously in either mazola or sesame oil, the possible effect of the solvent being controlled by suitable experiments.
In the normal dog the subcutaneous injection of suprarenal cortical extract (240 to 400 grn. of fresh cortex), corticosterone (4 mg.), 11-dehydro-corticosterone (4 rag.) and desoxy-corticosterone acetate (1 mg.) resulted in a marked decrease in the renal excretion of sodium and chloride and an increased renal excretion of potassium during the 24 hour period in which the injections were made. During the second 24 hour period a rebound effect occurred which was characterized by an increased excretion of sodium and chloride and a decreased excretion of potassium. Frequently the additional loss of sodium and chloride which occurred during the second 24 hour period was equal to the amount retained during the previous 24 hours (3). It is noteworthy that this effect always occurred during the second 24 hour period. Neither the quantity of material injected nor the solvent (aqueous or oil solution) appeared to alter the time relationship of this response.
Two inactive crystalline compounds, (allopregnane-3, 11, 17, 20, 21-pentol and allopregnane-3, 17, 20-triol) derived from the suprarenal cortex failed to give this response in quantities as great as 10 mg.
Progesterone
The effect of progesteronO was studied in six normal male dogs and in one suprarenalectomized male dog. In the normal dogs a x The authors are indebted to Dr. Max Gilbert of the Schering Corporation, Bloomfield, New Jersey, for the supply of crystalline progesterone, proluton and oreton (testosterone propionate); to Dr. David Klein of the Wilson Laboratories, Chicago, Illinois, for the suprarenal cortical extract; to Dr. Oskar Wintersteiner of Columbia University, New York City, for the crystalline ~-estradiol; to Dr. J. A. Morrell of E. R. Squibb and Sons, New Brunswick, New Jersey, for the supply of amniotin; and to Professor J. W. Cook of the Royal Cancer Hospital (Free), London, for the cyclopentenophenanthrene.
Under spinal anesthesia a bilateral suprarenalectomy was performed by Dr.
single subcutaneous injection of 1 to 5 mg. of progesterone in 1 cc. of either mazola or sesame oil had no appreciable effect on the 24 hour renal excretion of electrolytes. A single subcutaneous injection of 15 to 20 mg. of progesterone in 3 to 4 cc. of either mazola or sesame oil resulted in a decreased renal excretion of sodium and chloride during the 24 hour period immediately following the injection (Table  I) . A slight increase in the renal excretion of potassium usually occurred during this period. The effect of progesterone appeared to reach its maximum during the 24 hour period immediately following injection. In the second 24 hour period the renal excretion of sodium had no appreciable effect on the renal excretion of inorganic phosphorus and total nitrogen.
The withdrawal of suprarenal cortical extract in the treatment of suprarenalectomized dogs is followed by a prompt diuresis, an increased renal excretion of sodium and chloride and a decrease in body weight. This effect reaches its maximum within 24 hours (Table II) . A single injection of 20 mg. of progesterone in 4 co. of mazola oil delayed the onset of the sodium and chloride diuresis and Progesterone (20 mg. in 4 cc. of mazola oil), as a single subcutaneous injection at 9 a.m.
weight loss in a suprarenalectomized male dog after treatment by suprarenal cortical extract had been discontinued (Table II) . The duration of the response was similar to that observed in normal dogs, i.e. 24 hours. The large quantities of progesterone necessary (20 nag. or more per day) precluded more extended observations on suprarenalectomized dogs.
Estrone and a-Estradiol
The effect of estrone and a-estradiol was observed in five normal male dogs, two suprarenalectomized male dogs and one female patient with Addison's disease. In the normal dogs a single subcutaneous injection of a-estradiol (5 rag.), estrone (15 rag.) or amniotin (40,000 to 100,000 International units) resulted in a marked decrease in the renal excretion of water, sodium, chloride, inorganic phosphorus and total nitrogen, potassium excretion being slightly increased ( Table III) . The duration of this effect varied between 24 and 72 hours, the effect of amniotin and a-estradiol (48 to 72 hours) being somewhat more prolonged than that of crystalline estrone (24 hours). Following the period of decreased renal excretion there usually was observed a corresponding period in which an increased excretion of all the substances retained was noted. The action of estrone and c~-estradiol differed from that of the cortin-like substances and progesterone in the more prolonged period of sodium and chloride retention and in the marked retention of total nitrogen and inorganic phosphorus.
In male suprarenalectomized dogs injections of amniotin (20,000 to 100,000 I.u.) partially prevented the increased renal excretion of sodium and chloride which follows withdrawal treatment by supra- II 240,000 International units of amniotin were used; 100,000 units on the 1st day, 60,000 on the 3rd day, 40,000 on the 4th day and 40,000 on the 6th day. renal cortical extract (Table IV) . However, the quantities of amniotin injected were not effective in preventing the gradual onset of symptoms of suprarenal insufficiency. In a female patient with Addison's disease (C.N., Table V ), the subcutaneous injection of 17 rag. of c~-estradiol resulted in a marked and prolonged retention of sodium, chloride, inorganic phosphorus and total nitrogen. This effect was similar to that observed in normal male dogs.
Testosterone Propionate
The effect of testosterone propionate was observed in three normal dogs, one suprarenalectomized dog and one male human subject. In the normal dogs a single subcutaneous injection of 25 mg. of testosterone propionate in 1 cc. of sesame oil had no appreciable effect on the 24 hour renal excretion of electrolytes. A single subcutaneous injection of 125 rag. of testosterone propionate in 5 cc. of sesame oil resulted in a very slight decrease in the renal excretion of sodium and total nitrogen (Table VI) . However, the urine volume and the renal excretion of chloride and inorganic phosphorus were markedly reduced. The maximum effect of testosterone propionate appeared to occur during the 24 hour period immediately following injection. A second decrease in the renal excretion of sodium was observed during the 48 to 72 hour period after injection. The large quantity (125 nag.) of testosterone propionate required to produce this change would indicate that testosterone had little specific effect on the renal excretion of electrolytes.
The effect of repeated daily injections of smaller quantities (25 mg.) of testosterone propionate was observed in one normal male dog and in one intact human male subject. In the dog 25 rag. of testosterone propionate in 1 cc. of sesame oil injected daily for 7 days resulted in an increase in body weight and a marked decrease in the renal excretion of inorganic phosphorus, total nitrogen and potassium (Table  VII) . This effect reached its maximum during the 3 day period following the last injection of testosterone propionate. An increased excretion of potassium, total nitrogen and inorganic phosphorus occurred during the subsequent 3 day period. Throughout this experiment little effect was observed on the renal excretion of sodium and chloride. In the human subject daily intramuscular injections of 25 mg. of testosterone propionate were made for 7 days. During the period of treatment and for 3 days following, a decreased renal excretion of potassium, inorganic phosphorus and total nitrogen was observed ~atient ]l~ "
]~dy ",~eight~ ~g.
68.5 t .,..,~ -"t" "" ~h" ~ "~..,. j._,.q,,~P "~,% propionate on the renal excretion and body weight of a male subject (E. G.). An intramuscular injection of 25 mg. of testosterone propionate in 1 cc. of sesame oil was given daffy. During the control periods an intramuscular injection of 1 cc. of sesame oil was given daily.
Throughout this study the patient was maintained on a constant diet which contained 89.2 m.eq. of sodium, 84.0 m.eq. of potassium, 1.75 gin. of phosphorus and 15.6 gm. of nitrogen per day.
(Chart 1). This effect was similar to that noted in the normal dog. In subject E.G. treatment with testosterone propionate also resulted in a marked decrease in the renal excretion of sodium and chloride and an increase in body weight. 72 hours after injections of testo-
sterone propionate were discontinued a marked diuresis occurred. At this time marked weight loss and an increased renal excretion of sodium, chloride, potassium, inorganic phosphorus and total nitrogen were noted. For a period of 6 days a single daily subcutaneous injection of 25 rag. of testosterone propionate in icc. of sesame oil was substituted for suprarenal cortical extract in a suprarenalectomized male dog. The typical sodium and chloride diuresis which occurs immediately after the withdrawal of suprarenal cortical extract was not influenced by the treatment with testosterone propionate. During this period the animal lost weight and strength; there was an elevation of the blood non-protein nitrogen and the animal appeared to be developing the symptoms of suprarenal insufficiency.
A comparison of the action of corticosterone, desoxy-corticosterone acetate, progesterone, estrone and testosterone propionate on the renal excretion of sodium, chloride and potassium has been made in Chart 2.
A number of other compounds have been injected into normal dogs without producing any appreciable effect upon the renal excretion of electrolytes: androstenediol (40 rag.), androstenedione (40 rag.), 1: 2-cyclopentenophenanthrene (50 rag.), cholesterol (200 rag.) purified through dibrondde, p-hydroxy-propenyl benzene (200 rag.) and 7-keto-cholesteryl acetate (500 rag.).
DISCUSSION
The sex hormones thus far tested, have shown a marked variation in their effect on the renal excretion of electrolytes. A single subcutaneous injection of 20 nag. of progesterone resulted in a decreased renal excretion of sodium and chloride approximately equivalent to that which followed the injection of 0.8 rag. of desoxy-corticosterone acetate or 4 rag. of either corticosterone or 11-dehydro-corticosterone. In similarity with the action of the cortin-like compounds but in contrast to the action of estrone, ~-estradiol and testosterone propionate, progesterone (20 rag.) had no appreciable effect on the renal excretion of inorganic phosphorus or total nitrogen. The duration (24 hours) of the decreased renal excretion of sodium and chloride following the injection of progesterone was also similar to that observed after the injection of the cortin-like compounds. The effect of progesterone differed from corticosterone, 11-dehydro-corticosterone and desoxy-corticosterone acetate in the absence of an increased excretion of sodium and chloride (rebound) during the second 24 hour period. The injection of progesterone was followed by a slight rise in potassium excretion which in no instance was as striking as that following the injection of desoxy-corticosterone acetate.
A study of the effect of progesterone on the renal excretion and survival of the suprarenalectomized dog has been limited by the supply of progesterone. A single subcutaneous injection of progesterone (20 mg.) prevented the characteristic sodium and chloride diuresis which occurs during the first 24 hours after treatment with suprarenal cortical extract is discontinued. This effect, like that of the cortin-like substances, lasted only 24 hours. In the dosage used, progesterone did not appear to be toxic to the suprarenalectomized dog. The question of whether progesterone in adequate doses (20 rag. or more per day) can be substituted for the cortin-like compounds in maintaining suprarenalectomized animals must be left unanswered until larger quantities of progesterone are available. The injection of estrone (15 mg.) a-estradiol (5 mg.) was followed by a marked decrease in the renal excretion of sodium, chloride, inorganic phosphorus and total nitrogen. This action differed in two respects from the action of the cortin-like substances and progesterone: (a) The period of decreased renal excretion of sodium and chloride was more prolonged, and (b) a quantity of the compound sufficient to affect the renal excretion of sodium and chloride usually resulted in an appreciable retention of inorganic phosphorus and total nitrogen. A slight rise in the renal excretion of potassium was noted on the day of injection.
Although the sodium and chloride diuresis following the withdrawal of treatment by suprarenal cortical extract in a suprarenalectomized male dog was reduced by injections of amniotin, the onset of symptoms of suprarenal insufficiency was not prevented. Such an experiment does indicate, however, that the mechanism of sodium and chloride retention induced by the female sex hormones does not necessarily have to be mediated through the suprarenal cortex. The sodium and chloride retention which occurred in a female patient with Addison's disease following the injection of 17 rag. of a-estradiol would appear to confirm this. There is no evidence to date that repeated injections of estrogenic substances are either beneficial or desirable in the treatment of suprarenal insufficiency.
The sodium and chloride retaining effect of testosterone propionate was quite feeble in comparison to the cortin-like substances, progesterone, estrone and a-estradiol. Large quantities of testosterone propionate (125 rag.) were necessary to produce an appreciable change in the renal excretion of sodium and chloride in normal dogs. Repeated daily injections of 23 rag. of testosterone propionate in a normal dog had slight effect on the renal excretion of sodium and chloride but did produce an appreciable retention of potassium, inorganic phosphorus and total nitrogen.
Repeated daily injections of testosterone propionate (25 rag.) in a human male subject resulted in a decreased renal excretion of sodium and chloride as well as potassium, inorganic phosphorus and total nitrogen. This retention persisted for a period of 72 hours after treatment was discontinued.
Daily injections of testosterone propionate (25 rag.) were not effective in preventing the sodium and chloride diuresis which follows withdrawal of treatment by suprarenal cortical extract in suprarenalectomized dogs. No beneficial effect was noted on the survival period of such animals.
SUMM~RY
In normal male dogs subcutaneous injections of progesterone, estrone, a-estradiol or testosterone propionate were followed by a decreased renal excretion of sodium and chloride. The compounds differed markedly in their potency and in the duration of the effect following a single subcutaneous injection. The injection of estrone, a-estradiol or testosterone propionate was followed by a decreased renal excretion of inorganic phosphorus and total nitrogen. On the day of injection a slight increase in the renal excretion of potassium frequently followed administration of progesterone, estrone, a-estradiol or testosterone propionate. Experiments on suprarenalectomized dogs indicated that the effect of the sex hormones on the renal excretion of electrolytes was not necessarily mediated through the suprarenal gland. With the possible exception of progesterone
